Here we test the usefulness of a discrete choice experiment (DCE) for identifying individuals who consistently exhibit concave utility over returns to wealth, despite variations in the framing of risk. At the same time, we test the relative strengths of nine standard descriptions of investment risk. We ask a sample of 1200 retirement savings account holders to select their most and least preferred investment strategies from a menu of a safe (zero risk) savings account, a risky growth asset portfolio and a 50:50 share of both. We identify respondents who fail to conform with expected utility and test whether this behavior is predictable across di¤erent risk frames. Tests con…rm that the DCE can help isolate individuals whose preferences violate global risk aversion despite variation in risk presentation. We also identifty frames linked to signi…cantly more consistent behavior by respondents. These are frames which simultaneously specify upside and downside risk. Frames that present risk as a frequency of failures or successes against a zero returns benchmark are more likely to generate violations of risk aversion.
Introduction
De…ned contribution schemes are now the dominant model for retirement income provision in many economies. As a result, investment decisions that were once the province of wealthier households and their advisors are now the norm for almost everyone. One of the most di¢ cult of these decisions, particularly for unsophisticated investors, is choosing a portfolio for retirement savings, a choice where an appreciation of investment risk is crucial.
Conventional theoretical approaches to investment decisions assume that investors maximize globally concave expected utility functions, usually of the constant relative risk aversion (CRRA) form. In simple cases, random returns are assumed to be lognormally distributed, so that the optimal allocation of wealth among investments depends on the …rst two central moments of the returns distribution and the risk preference parameter. More generally, individuals with any globally concave utility function will prefer portfolios that have returns distributions exhibiting second order stochastic dominance over alternatives. Individuals who are risk averse will consistently penalize risk and, if given enough information about the distribution of returns, will reject investments that are dominated at the second order.
Researchers have employed an array of methods to measure risk preferences. Academic experimental studies have asked lottery questions, both unincentivized (e.g., Kimball, Sahm and Shapiro 2008) and incentivized (e.g., Holt and Laury 2002) . Empirical investigations have inferred risk parameters from observed portfolio allocations (e.g., Friend and Blume 1975) . More recent methods include interactive interfaces such as distribution builders (Goldstein, Johnson and Sharpe 2008) or experience sampling, which gives feedback about risky choices through web-based platforms (Haisley, Kaufmann and Weber 2010) . The …nancial planning industry has long relied on questionnaires and risk pro…ling instruments, such as that implemented by Finametrica, to guide investors to the best mix of risk and return.
All these methods assume that inferred preferences are stable and generalizable, a view not always shared by behavioral researchers. Tversky and Kahneman (1981, 1986) Here we test the usefulness of a discrete choice experiment (DCE) for identifying individuals who consistently exhibit concave utility over returns to wealth, despite variations in the framing of risk. At the same time, we test the relative strengths of nine standard descriptions of investment risk. We ask a sample of 1200 retirement savings account holders to select their most and least preferred investment strategies for retirement accumulations from a menu of three. The three strategies are a safe (zero risk) savings account, a risky growth asset portfolio and a 50:50 share of both. Respondents repeat this choice under nine di¤erent descriptions of investment risk. In addition, the underlying distribution of investment returns to the risky account varies over four mean-preserving spreads. Each respondent sees three of the nine frames at four risk levels, generating 12 sets of most and least preferred investment strategies per respondent.
Our null hypothesis is that investors are globally risk averse, and this implies a series of restrictions over choices. First, the properties of concavity imply that risk averse individuals will never choose the 50:50 portfolio as least preferred. This result is independent of the level of risk presented to respondents and represents a strong restriction on preferences. Second, respondents should not increase exposure to the risky asset as returns volatility rises, at a …xed expected return. This is a weak restriction because it is based on the further assumption that the respondent perceives, within each frame and across risk levels, that higher risk levels are mean preserving spreads of lower levels (i.e., a higher risk level is stochastically dominated by a lower level at the second order). We test these restrictions at an aggregate level and frame by frame.
If the DCE helps identify respondents who comply with expected utility, then breaches of concavity under one presentation of risk should predict breaches under the others. Likewise with sensitivity to mean-preserving spread. In both cases we …nd that the behavior of individual respondents is signi…cantly predictable. Our …rst contribution is thus to con…rm that the DCE can help isolate individuals whose preferences violate global risk aversion despite variation in risk presentation.
Our second contribution is to isolate from within the sets of nine frames, those that lead to signi…cantly more consistent behavior by respondents. These are frames which include information about both upside and downside risk, assigning probabilities to high and low returns. Frames that present risk as a frequency of failures or successes against a zero returns benchmark are more likely to generate violations of risk aversion.
Regulators responsible for consumer …nancial decision making and the …nancial services industry now communicate with a mass market, and are investigating how to convey risk information in modes that are intelligible, standardized and easily comparable across products. Australian regulators, for example, have recently introduced regulations to require a short-form (four-page) …nancial product disclosure document which will present the basic information required to make pension fund and pension asset allocation decisions (Minister for Financial Services 2010) and the UK Financial Services Authority is working to improve insurance and pension disclosures to assist consumers to make informed decisions (Andrews 2009 ). Cross country coordination of simpli…ed disclosures is being initiated by multilateral organisations such as the European Commission and the OECD (European Commission 2009a , b, OECD 2008 . The two contributions of this study expose the tension faced by regulators and …nancial service providers. On the one hand individuals will to some degree 'see through'risk presentations and make decisions consistent with their underlying preferences. On the other hand, not all descriptions of risk are equal, and …nancial institutions and supervisors can in ‡uence retirement saving decisions by using risk framing that encourages people to choose consistently.
In the next section we outline the theoretical underpinnings and design of the discrete choice experiment. Results and discussion follow in section three and section four concludes.
Experimental design
Consider an investor with utility over wealth w determined by a constant relative risk aversion utility function
where is the risk aversion parameter. The value = 0 implies risk neutrality; = 1 is u (w) = log (w); when < 1; u (w) is bounded below by zero and unbounded above; when > 1 u (w) is unbounded below and bounded above by zero. We treat income from now until retirement as exogenous so that lifetime utility is the sum of utility before retirement and utility after retirement, which is proportional to retirement wealth. Investment portfolio allocation decisions are independent of consumption decisions, and the problem of maximizing retirement utility reduces to the single period maximization problem when returns are
iid. In what follows, U denotes realized utility and can be written as a function of the gross return to wealth.
Risky asset returns, y; are identically and independently lognormally distributed
The investor can allocate current and future retirement savings wealth to one of three accounts (funds).
1: A safe account, S; with risk free return x:
2: A risky account, R; with return y that E(y) = exp( + In the DCE set out below, investors give a complete ranking of these three accounts by indicating their most and least preferred ('best'and 'worst') retirement savings allocations.
Survey Questionnaire
We recruited a sample of 1220 individuals aged 18-65 from the PurePro…le online web panel of over 600,000 Australians. 1 PurePro…le …ltered the sample to ensure that all subjects held a current retirement savings ('superannuation') account, that genders were equally represented and that the age distribution did not deviate far from population proportions. Of this sample, 1199 fully completed the survey. Table 1 compares the full sample and Australian population demographics. The survey asked subjects to make hypothetical decisions, but we informed respondents that this was a university project designed to inform policy makers and industry participants. PurePro…le paid participants a ‡at rate of $3AUD ($2.70USD) for completing the survey.
[Insert Table 1 here]
We presented a four-part questionnaire:
1 Under Australia's Superannuation Guarantee, all working Australians aged 18-65 who earn at least 8% of average earnings participate in the mandatory retirement savings system, contributing a minimum percentage of their earnings into a (usually privately managed) regulated 'superannuation' fund. Most workers are members of de…ned contribution funds.
Introductory questions about subjects' retirement savings, including the name of their superannuation fund and the aggregate amount in their superannuation accounts; 21 questions to measure numeracy and …nancial literacy skills, as well as selfassessed knowledge of …nance, access to …nancial education, use of …nancial advice and con…dence in stock market recovery; The hypothetical asset allocation task for retirement savings; and Demographic questions relating to marital status, work status, occupation, industry/business, education, income, assets, household make-up and number in household.
We provide access to the entire survey at http://survey.con…rmit.com/wix/p1250911674.aspx
Task and Risk Presentation
For the hypothetical asset allocation task, we asked the subjects to think about choosing an investment option for their retirement account in the context of possible government simpli…cation of the arrangements. (Simpli…cations to the retirement savings system have been proposed and enacted by government and industry over the past few years and subjects would …nd the prospect of regulated change plausible.) Retirement plan providers would o¤er a menu of three investment accounts, each di¤ering by expected rate of return and investment risk. The three investment choices were 100% bank account (S), 50% bank account and 50% growth (M ) and 100% growth (R). The scenario included a verbal explanation of di¤erences in expected real rates of return to the three accounts and an explanation of variability of returns to options R and M: Appendix A reproduces the on-line instructions to the subjects.
Each choice menu provided two key pieces of information for each of the three options:
(1) the average rate of return above in ‡ation; and (2) a single aspect of investment risk, for example the frequency of negative returns or return at risk, as detailed in Table 2 . Using this information, the respondents were asked to nominate their 'most likely' (best) option and their 'least likely'(worst) option.
We explained investment risk to respondents in nine di¤erent ways (frames) and these are set out in Table 2 . Eight of the frames described investment risk in text (with a combination of words and numbers) and one presented the risk information in a graphical format. There is no universally accepted method for presenting investment risk to retirement savers but these nine frames are drawn from standard …nancial service provider prospectuses in Australia, Europe and the United States as well as related studies (Vlaev, Chater and Stewart 2009).
We presented a di¤erent aspect of investment risk in each of the nine frames while holding the expected rate of return to each account constant. By design, the aspects were all consistent with the same underlying return distribution, but since no single aspect of investment risk conveys the entire distribution, survey subjects could rationally impute di¤erent distributions across frames.
[Insert Table 2 here] Frames 1, 2 and 9 presented investment risk as a range of returns, and therefore provided information about both the upper and lower tails of the returns distribution. Frame 1 described investment risk as the chance of a return between the 5th and 95th quantiles of the M and R returns distributions, while frame 2 is expressed in terms of a return outside these quantiles. Frame 9 is a graph illustrating the returns between the 5th and 95th quantiles for each investment option.
In the introductory scenario, subjects were reminded that 'more risk of high returns also means more risk of low returns'but the remaining frames provide information on just one side of the distributions of returns. Frames 3 and 4 present investment risk as the chance of a return above (below) the 95th (5th) quantile of the y and z distributions; frames 5 and 6 present investment risk as the number of years in 20 (on average) of positive (negative returns) for M and R, while frame 7 and 8 present investment risk as the number of years in 20 (on average) when returns to M and R will be above (below) the return to the bank account.
So that we could gauge survey subjects' response to changes in risk, we increased the standard deviation of y (and therefore of z) in four steps from 12-28% p.a. (Table 3 ). These four con…gurations for the lognormal risky asset we denote y 1 , y 2 , y 3 , y 4 , and we denote the corresponding cumulative distributions functions
(i = 1; 2; 3; 4). Every subject made choices across all four risk levels in each investment risk frame they viewed. Numerical values (quantiles or frequencies) that we entered into the frames' wording or graphs thus took four increasingly risky levels, derived from simulated cumulative densities of the corresponding lognormal random variable y i . The number of random draws was N = 100; 000 and the simulated probability of a return less than a …xed value r was Pr(Y i;n r)
where 1( ) is the indicator function, returning the value 1 when Y i;n r and zero otherwise.
The draws were generated as Y i;n = exp ( i + i z n ) where z n is a random draw from a standard normal density.
[Insert Table 3 here] Table 4 details the simulated values that we entered into the frames for Table 4 here]
Order of choice sets
We arranged the 9 investment risk frames into four sets (denoted 'framesets'), each made up of three frames with the visual range graph frame (9) common to each set. That is, Frameset A (frames 1, 2 and 9) is the three 'range' frames including the visual range; Frameset B (frames 3, 4 and 9) is the two 'tail'frames and the visual frame; Frameset C (frames 5, 6 and 9) is the two frames describing risk in terms of years of positive/negative returns and the visual frame; while Frameset D (frames 7, 8 and 9) includes the two frames describing risk relative to returns above/below the bank account and the visual frame. We implemented a between-subjects design that presented one quarter of the sample with one of the four framesets (A, B, C and D). The whole survey was completed by 1199 of 1220 subjects recruited: 300 subjects completed choices with Frameset A; 299 with Frameset B; 297 with Frameset C; and 303 with Frameset D. Each completing respondent made a total of 12 best and worst selections from the S; M; and R retirement accounts, choosing best and worst accounts at each of four risk con…gurations in each of 3 frames (one frameset). Table 5 illustrates a representative investment choice task. In this investment choice task, investment risk is presented as Frame 3 ("There is a 1 in 20 chance of a return above x%.") and the underlying returns distribution y 1 has a standard deviation of 12% p.a.
[Insert Table 5 here] 2.3 Concave utility over returns to wealth: strong and weak restrictions Each of the 12 investment choices made by a survey respondent gives his or her complete ranking of the three accounts, conditioning on risk level and frame. Six rankings are possible:
We consider two restrictions over choices that result from expected utility maximization.
First, if a subject makes a choice on the basis of expected utility with a concave utility function, then rankings 5 and 6 are impossible. This follows from the fact that if realized utility U is concave,
and so
, or both. In other words, subjects with concave utility should never rank the 50:50 account (M ) as worst. We describe this restriction as a strong restriction of expected utility theory because it does not require any assumption about survey subjects'inferences from the risk information we present.
The second restriction depends on subjects'inferences from risk and return information presented in the survey. Given the lognormal distributions of the asset returns y 1 , y 2 , y 3 , y 4 , then y j is a mean preserving spread of y i if i < j and F y;i stochastically dominates F y;j at the second order. (See Appendix B for proof.) It follows at once that for i < j, z j is a mean preserving spread of z i . So long as the respondent perceives that y j is a mean preserving spread of y i for all i < j, and if U is concave then for all i < j,
Within each frame, these conditions place restrictions on the orderings that can be observed across choice sets when subjects conform with concave utility summarized in Table   6:   TABLE 6: RANKING RESTRICTIONS UNDER EXPECTED UTILITY Rankings Rankings using riskier asset y j using y i (1) SMR (2) MSR (3) MRS (4) RMS
(1) SMR * (5) (4), (5) (4), (5), (6) (2) MSR * * (4) (4), (6), (6) (3) MRS * * * 
This eliminates the cells marked (4) in Table 6 . Because
This eliminates the cells marked (5) in Table 6 . We also conjecture that
This eliminates the cells marked (6) in Table 6 . Across questions within a frame, ranking comparisons must fall in the cells indicated with an asterisk (*) in Table 6 . We summarize these restrictions as follows. Consider an investment account choice made with risky return y i produce ranking t i ; and let a choice with riskier asset y j produce ranking number t j . where t i ; t j = 1; :::6; then it must be the case that t j t i ., if the choices conform with expected utility maximization under concave utility. This is a weak restriction because it is based on the further assumption that the respondent perceives, within each frame and across risk levels, that riskier asset returns is are mean preserving spreads of returns of less risky assets.
Testing the restrictions of expected utility theory
Here we set out tests designed to investigate whether there is substantial variation over survey respondents in their propensity to violate the strong and weak restrictions of expected utility, and more especially, to investigate whether the risk framings we present are useful in identifying these respondents. We propose the following test: each respondent makes choices over three risk frames, two from frames 1-8, and frame 9. If a respondent violates a restriction in their …rst frame, does this imply that the respondent is more likely to violate that restriction in the next or …nal frame they saw? Were it to turn out that violations in their …rst frame have no implications for violations in the second and third, then this DCE is unlikely to be useful for eliciting attitudes toward risk. We might also call into question the value of many experimental surveys that condition on particular framings of investment risk. Our alternative hypothesis is that respondents'violations of concavity are not independent events across the three risk frames they saw. Under this alternative, the model assigns probabilities to each of the eight possible patterns of concavity violations. Explicitly,
Strong restriction test
where w f = 0 or 1 (f = 1; 2; 3). This model permits the kind of variation one would expect to see our DCE approach is e¤ective in identifying individuals who do not behave consistently with concavity. In the extreme of a complete failure of independence we would see that only (j) (0; 0; 0) and (j) (1; 1; 1) have positive values. That is, if a respondent does (not) violate concavity in the …rst risk frame they see then the respondent will surely (not) violate concavity in their second and third frames.
The null hypothesis asserts that violations of concavity by a respondent are independent events moving from the …rst to the third frame. This model has a single probability parameter for each of the three frames. Explicitly,
This model is nested in (7) and so the hypothesis can be tested with a conventional asymptotic chi-square statistic based on log-likelihoods, with 7 3 = 4 degrees of freedom.
We also extend this procedure to include further information about respondents' age, retirement savings wealth and …nancial literacy via the conventional multinomial logit model, in the case of (7), and via the conventional logit model, in the case of (8), each with the same covariates and no restrictions on the logit coe¢ cients. With these k = 3 covariates and an intercept, the test statistic will have 4 (k + 1) = 16 degrees of freedom.
Weak restriction test
The weak restriction of expected utility depends on respondents perceiving mean-preserving spreads in the risky asset distribution. The four-step increase in risk occurs once per frame so within each frame each respondent is either consistent with the weak restriction or not.
We code the variable w f r as 1 if respondent r is inconsistent with the weak restriction in frame f; and 0 otherwise. The test now proceeds precisely as for the strong restriction but with one test per frame rather than four. The interpretation is also the same. Speci…cally, a failure to reject the null hypothesis indicates that inference about preferences from DCEs are susceptible to framing and not informative about respondents'consistency with the weak restriction of expected utility theory.
Results

Are violations of concavity predictable?
We compute the likelihood of a violation of the strong restriction of expected utility by estimating joint (frameset level) and independent (frame by frame) probabilities that a respondent chooses the 50:50 portfolio as worst at least j times. As noted above, there are eight possible patterns of violations of this condition across the set of three frames. Consequently we estimate the probability that a respondent …ts one of these eight patterns using a multinomial logit model, with three covariates: age group, reported retirement savings, and score on a set of basic numeracy questions. Table 7 sets out two subsets of survey questions from which we draw covariates for these models. The …rst set of questions relate to several aspects of the respondent's awareness of their own retirement savings account (superannuation account), and …nancial education. Responses to question P2 on superannuation amount were included in the MNL and logit models after recoding into four groups: less than $19999, $20,000-$79999, $80,000-$499999, $500,000 and over. (The median Australian retirement savings account (superannuation) balance is around $70,000). The numeracy questions are drawn from Gerardi et al (2010) and are designed to test basic concepts such as fractions, percentages, division, multiplication and simple probability. We …tted a factor model to these questions, and used the …tted factor loadings to create a numeracy score for each respondent. (The survey asked further questions designed to test …nancial literacy, but we did not …nd them relevant to the models reported here.) Ages were coded into three groups (18-34 years, 35-54 years and over 55 years.). Table 8 reports likelihood ratio tests of the restriction of independence of concavity violations across frames. In all but one test (the category 'at least four violations for frameset 1,2,9') the restriction of independence is rejected in favour of the alternative hypothesis of predictability. In other words, respondents who choose the 50:50 portfolio as worst tended to do so across all risk frames which they observed, and similarly, respondents who did not violate concavity were unlikely to do so when risk was presented di¤erently in later frames.
Of the covariates used in estimating the joint MNL model, few were signi…cant except that a poor numeracy is signi…cant predictor of a high level of concavity violations.
[Insert Table 8 here]
3.2 Do respondents predictably fail to perceive mean-preserving spreads?
We repeat the testing process for violations of the weak restriction of expected utility, that is, we record those respondents who increase their retirement account risk exposure as the standard deviation of the risky return increases. These respondents do not conform with the prediction that expected utility maximizers prefer (second order) stochastically dominant returns distributions. Again, there are eight possible patterns of violations of this condition across the sets of three frames viewed by each respondent. We test whether the probabilities of the each of the eight possible outcomes are equal to the product of the independent (frame by frame) probabilities. Since respondents can violate this weak restriction only once per frame, we need to estimate one MNL model for the eight outcomes. Table 9 reports likelihood ratio tests of the restriction of independence against the alternative model. All tests clearly reject independence. Again we …nd that poor numeracy is a signi…cant predictor of high and consistent violations of this weak restriction of expected utility.
[Insert Table 9 here]
Overall, we con…rm that respondents who choose inconsistently with standard risk averse preferences do so predictably across the three risk frames presented in the survey. Likewise, respondents whose choices conform with concave, risk averse utility choose consistently across frames. We note a large variation in the degree to which respondents conform to these extremes, and we discuss this variation in more detail below.
Does consistency with expected utility vary across frames?
We are interested in …nding if any risk presentations from within the set of nine frames lead to signi…cantly more consistent behavior by respondents. Regulators responsible for consumer …nancial decision making and the …nancial services industry are investigating how to convey risk information in modes that are intelligible, standardized and easily comparable across products. As noted earlier, the frames used in this survey are derived from product disclosure statements of …nancial service providers and include upside and downside quan- To begin, we test whether the proportions of choices going to the safe, medium and risky accounts vary signi…cantly across frames. Table 10 presents the percentages of all best and worst choices given to each account, across the whole survey ('all') and frame by frame.
The …nal column reports that test statistic for the chi-square test of joint equality of the frame percentages with the aggregate percentage given in the …rst ('all'column). We also tested each individual frame percentage for equality with the aggregate percentage. Those frames where the percentage of best or worst choices signi…cantly deviated from the aggregate percentage at 10% or less are marked with an asterisk.
[Insert Table 10 here].
The null hypothesis of joint equality is rejected in 5 of 6 rows with most variation associated with frames 4 and 5. A signi…cantly larger number of violations of the strong restriction of expected utility (where the medium account was chosen as worst) occurred when respon-dents viewed frame 5, which presented risk in terms of the expected number of years from 20 where returns would exceed zero. Frameset B was comprised of frames 3, 4 and 9. This frameset produced signi…cant reversals in allocation patterns. Best choices going to the safe account were signi…cantly lower than expected in frames 3 and 9, and signi…cantly higher than expected in frame 4. These choices shift in the direction of the information o¤ered in these frames: frame 3 presented the chance of returns above the 95th quantile, frame 4
presented the chance of returns below the 5th quantile and frame 9 presented the graph.
A detailed analysis of individual choices allows us to make an exhaustive allocation of respondents to four mutually exclusive groups which are increasingly consistent with CRRA expected utility. Table 11 reports the number of respondents who fell into each group for each frame. We see that around 20% of respondents displayed violations of concavity ('concave inconsistent'), around 17% were consistent with concavity but did not perceive mean-preserving spreads and chose inconsistently with second order stochastic dominance ('concave consistent'). Around 32% satis…ed the strong and weak restrictions of expected utility but did not match CRRA functional form ('ssd consistent') and around the the same proportion conformed to CRRA preferences. The …nal column in Table 11 reports a test for the joint equality of the proportions of respondents under each frame with the proportion found under frame 9, for each group. We use frame 9 as the reference level for this test since all respondents saw frame 9. Joint equality is rejected for the concave inconsistent group and the CRRA consistent group. Other cells marked with an asterisk indicate signi…cant di¤erence from frame 9 when each frame is tested individually. Higher concavity inconsistency is signi…cantly more likely under frames 5, 6, and 8, and lower consistency with second order stochastic dominance under frame 5. Respondents are more likely to conform with standard CRRA preferences when presented with lower tail events (frame 4) but we noted earlier a higher level of choice reversals for respondents viewing the 3,4,9 frameset.
[Insert Table 11 here]
Finally, we consider the number of respondents who show consistency or inconsistency across all three frames. Table 12 shows the number of respondents who saw each frameset, and then reports the number of those who conformed to increasingly stringent tests of expected utility consistency across their whole frameset. We note that lower overall consistency is linked to frameset C, which presented risk as expected years out of 20 when returns would exceed or fall below zero. Signi…cantly higher perception of mean-preserving spreads emerged under the range frames which were presented in frameset A.
[Insert Table 12 here]
Conclusion
Changes to retirement saving systems mean that investment decisions involving risky …nan-cial assets are the responsibility of ordinary individuals. The …nancial services industry and academic researchers have recognised the key role of investment risk, and have devised many techniques to measure risk preferences, some for a mass market. Standard methods, such as risk pro…les or lottery tasks assume that preferences are measurable, stable and predictable.
At the same time, studies of framing and choice architecture have reinforced the power of presentation mode to direct (or even reverse) decisions, particularly decisions with uncertain outcomes.
The discrete choice experiment reported here indicates that framing is in ‡uential but not decisive. Respondents to the survey repeat the same simple retirement savings investment task 12 times, under three di¤erent modes of risk presentation, at four increasingly variable levels for returns risk. We isolate survey respondents whose choices do not conform with very basic features of risk aversion, that is concavity and perception of increasing risk.
Failures to conform with concavity are predictable across frames, as are failures to conform with perceptions of mean-preserving spreads. In other words, we demonstrate that this discrete choice experiment, and most likely other similar experimental surveys, can identify individuals with speci…c preference patterns. Framing does not entirely determine portfolio allocation choices.
Second, we expand this …nding by showing that not all frames are linked with equally consistent choices. Around one …fth of respondents violated both concavity and meanpreserving spread perception, and around two thirds conformed with both, but we detect signi…cant variation in these patterns by frame. Of the frames we investigate, we …nd the least consistent choices for the frames worded 'On average, positive (negative) returns occur (20-x) (x) years in every 20', a common mode of presentation by …nancial service providers and fund managers. We also demonstrate that respondents'choices are more likely to switch from risky to conservative when they are given a sequence of frames that switch between tail quantiles, that is, those frames worded 'There is a 1 in 20 chance of a return above (below) y%'. We …nd that most consistency is linked to range information that numerically speci…es, or graphs, both upside and downside risks. Appendix A: Instructions to survey subjects.
The Australian Government is concerned about the complexity of superannuation arrangements and is looking for ways of simplifying superannuation investment choices. One possibility is to o¤er only three investment options for all superannuation accounts. Each investment option has a di¤erent expected rate of return (the average rate at which your investment will grow each year), and a di¤erent amount of investment risk (year to year UPSIDE and DOWNSIDE variation in the return to your investment).
The options are Option A: All (100%) of your superannuation account is invested in a guaranteed bank deposit with a …xed rate of interest paid each year.
Option B: Your superannuation account will be divided half and half (50%/50%) between the bank account and growth assets. You can anticipate that savings in this option will grow faster than the bank deposit (Option A), but will grow more slowly and be less risky than only choosing growth assets (Option C).
Option C: All (100%) of your superannuation account is invested in assets like shares and property. On average, you can anticipate that savings in this option will grow at a faster rate than in the bank deposit (Option A) but without a guarantee. There is some risk that your account will grow faster or slower than average if you choose this option.
We are going to show you 12 sets of these options for investing your superannuation. Each set includes 3 investment options like the ones described above. Each investment option has a average rate of return and investment risk. The average rates of return stay the same in each of the twelve sets; only the risk will change. Remember that more risk of high returns also means more risk of low returns.
What we want you to do is simple. There are two questions to ask about each set of options::
1. If these superannuation options were available for you to invest your money today, which one of the three would you be most likely to choose?
2. If these superannuation options were available for you to invest your money today, which of the three would you be least likely to choose?
Your choices will inform government and industry about better ways to simplify superannuation arrangements.
Appendix B: Proof of SSD in mean-preserving spreads of lognormal random variables.
If y i y j ; meaning that y i second order stochastically dominates y j , then cy i cy j for any constant c > 0: Let y i and y j be lognormal random variables with the same mean, so that E(y i ) = E(y j ): Consider transformations of y i and y j ;ỹ i = y i =E(y i ) andỹ j = y j =E(y j ) which will have identical means of 1 and variances var(ỹ i ) = exp( Since ln(ỹ k )~N (0; 2 k ), we know from Arnold (1980, problem 10 p.42) , thatỹ k has a Lorenz curve of the form L = ( 1 (s) k ) where is the standard normal cumulative density function. Let be the normal probability density function.
Di¤erentiating L with respect to k gives
which is negative, so that an increase in k leads to a lowering of the Lorenz curve. By Arnold (1980, p85, Theorem 6.9) , if A has a lower Lorenz curve than B then A=E(A) is second order stochastically dominated by B=E(B):
In our problem, we hold E(y i ) = exp( i + 1=2 
. By back-substitution,we
Hence y i =E(y i ) second order stochastically dominates y j =E(y j ) and since E(y i ) = E(y j ) it follows that y i y j : Table 2 FRAMES FOR INVESTMENT RISK F1 : There is a 9 in 10 chance of a return between x% and y%.
F2 : There is a 1 in 10 chance of a return outside x% and y%.
F3 : There is a 1 in 20 chance of a return above y%.
F4 : There is a 1 in 20 chance of a return below x%.  Option A: 100% bank account, the rate of return is always exactly x% (black dot)  Option B: 50% bank account & 50% growth asset, there is a 9 in 10 chance of a rate of return within the light blue box  Option C: 100% growth asset, there is a 9 in 10 chance of a rate of return within the dark blue box Table 3 INVESTMENT ACCOUNT RATES OF RETURN AND RISK LEVELS. There is a 1 in 20 chance of a rate of return above 14%
There is a 1 in 20 chance of a rate of return above 25.5%
If these superannuation options above were available for you to invest your money today Table 7 PRELIMINARY SUPERANNUATION AND NUMERACY QUESTIONS P1: Which fund manages your main superannuation account in Australia? (Responses: Please specify name of fund; Don't know.) P2: Which of the following ranges best describes the total amount you currently have in all your superannuation accounts in Australia? (Responses: 13 ranges from 'Under $10,000 to $5,000,000 or over.) P3: On a scale of 1 to 7, where 1 means very low and 7 means very high, how would you assess your understanding of finance? P4: How much of your financial education was devoted to financial education, such as commerce, business studies, finance or economics? ( Numeracy skills Q1: In a sale, a shop is selling all items at half price. Before the sale, a sofa costs $300. How much will it cost in the sale? (Answers: $150; $300; $600; Do not know; Refuse to answer.) Q2: If the chance of getting a disease is 10 per cent, how many people out of 1,000 would be expected to get the disease? (Answers: 10; 100; 1000; Do not know; Refuse to answer.) Q3: A second hand car dealer is selling a car for $6,000. This is two-thirds of what it cost new. How much did the car cost new? (Answers: $4,000; $6,600; $9,000; Do not know; Refuse to answer.) Q4: If 5 independent, unrelated people all have the winning numbers in the lottery and the prize is $2 million, how much will each of them get? (Answers: $40,000; $400,000; $500,000; Do not know; Refuse to answer.) Q5: If there is a 1 in 10 chance of getting a disease, how many people out of 1,000 would be expected to get the disease? (Answers: 10; 100; 1000; Do not know; Refuse to answer.) (16) statistics from the test of independence of failures to perceive mean-preserving spreads of the risky returns distribution across frames. Joint probabilities (probability that a respondent displays of one of eight possible patterns of violations over three frames) are computed from multinomial logit models estimated with covariates, age group, retirement savings amount, and numeracy score. Independent probabilities of violations of this restriction by frame are computed from logit models with common covariates where the binary variable indicates concavity violation by a respondent.
